We assessed the prevalence of adherence to the American College of Obstetricians and Gynecologists (ACOG) recommendations regarding physical activity during pregnancy among Sri Lankan women and explored the relationship between physical activity during pregnancy and neonatal birth weight. In total, 141 pregnant women (gestational age, 18-24 weeks) were included from October to December 2015 and followed up until delivery. A validated questionnaire regarding physical activity during pregnancy was administered in the second and third trimesters. Activities were grouped by type (household/caregiving, occupational, transportation, sports/exercise, and inactivity) and intensity {sedentary [<1.5 metabolic equivalents (METs)], light intensity [1.5-2.9 METs], moderate intensity [3.0-6.0 METs], and vigorous intensity [>6.0 METs]}. Women were categorised as active or inactive based on the ACOG recommendations. In total, 79.1% and 45.2% of women met the guidelines in the second and third trimesters, respectively. The overall time spent and total energy expenditure was significantly higher in the second trimester (p < 0.001). We found no relationship between physical activity during pregnancy and neonatal birth weight. This study indicates that a considerable reduction of time and total energy expenditure occur as pregnancy progresses. Physical activity during pregnancy does not appear to significantly affect neonatal birth weight.
There is growing evidence that physical activity (PA) during pregnancy is beneficial for both the woman and foetus. The American College of Obstetricians and Gynecologists (ACOG) recommends that pregnant women who are free of medical or obstetrical complications engage in ≥30 minutes of moderate PA per day on most if not all days of the week 1 . Despite this recommendation, the worldwide prevalence of PA during pregnancy is reportedly low because many women choose to reduce their level of PA and increase relaxation during pregnancy 2 . The performance of moderate to vigorous PA in early pregnancy is particularly low among women of South Asian and Middle East origin 3 . The main reasons for reduced levels of PA during pregnancy are physical discomfort, complications associated with pregnancy, growth of the woman's body, and a sense of insecurity with PA 4 . In 2003, Davies et al. 5 provided new information on the effects of moderate PA on the pregnant woman and foetus, showing that PA has no adverse effects on either maternal or foetal health. Another study showed evidence of a protective effect of mild PA during pregnancy in the second trimester on low birth weight (LBW), preterm birth, and intrauterine growth restriction 6 . A systematic review and meta-analysis of observational studies reported an inverted U-shaped curve; moderate PA levels were associated with increased birth weight but high levels were associated with decreased birth weight 7 . Sri Lanka is a developing country in southern Asia, in which LBW (less than 2500 g regardless of gestational age) constitutes a significant public health problem 8 . Several factors have been found to be associated with LBW of neonates. Some of these factors include pregnancy-induced hypertension 9 , underweight pre-pregnancy body mass index (BMI) and inadequate gestational weight gain
The effect of PA during pregnancy on pregnancy outcomes was recently established as a research interest. The districts in Sri Lanka with a LBW prevalence of >18% are predominantly those where >40% of the population is engaged in agriculture, and >30% of these individuals are women 21, 22 . These findings may reflect the negative birth outcomes associated with increased PA during pregnancy. The prevalence of adherence to the ACOG guidelines regarding PA among pregnant women in Sri Lanka remains unknown. However, the culturally adopted pattern of PA during pregnancy among Sri Lankans is characterised by avoidance of strenuous activities, heavy lifting, exercise, and even fast walking. To our knowledge, the relationship between PA during pregnancy and neonatal birth weight has not been explored specifically in Sri Lankan women. Considering the unknown impact of PA on LBW in Sri Lankan context, this prospective longitudinal study was performed to evaluate patterns of PA during pregnancy and the relationship between PA and neonatal birth weight.
Methods
Design, setting, and participants. The present study was part of a larger study designed to assess the maternal factors associated with neonatal birth weight. The study was conducted in a tertiary-care hospital in Sri Lanka during the 9-month period from October 2015 to June 2016. A detailed description of the patient recruitment procedure has been published elsewhere 23 . Initially, 150 pregnant women at a gestational age of 18 to 24 weeks were included in the study and they were followed-up until the delivery. Women with multiple foetuses, a history of miscarriage/abortion, pregnancy-induced hypertension, gestational diabetes mellitus, and chronic medical diseases (e.g., psychiatric disorders; cardiac, renal, or lung disease) were excluded at the time of recruitment, or whenever such a condition was identified during pregnancy. Neonates with a low Apgar score of <5 at 5 minutes after birth were also excluded from the final sample. Procedure. Socio-economic and demographic data were collected using a pre-designed and pre-tested interviewer-administered questionnaire. Maternal height and weight were recorded by a trained research assistant. Height was measured at the time of recruitment, whereas body weight was measured using a Tanita Digital Scale at each clinic visit prior to delivery. Body weight measurements taken prior to recruitment and at the time of delivery were directly obtained from pregnancy cards and hospital records respectively. Maternal PA was assessed once during the second trimester (approximately 22 weeks of gestation) and once during the third trimester (approximately 34weeks of gestation) using a validated pregnancy PA questionnaire (PPAQ) 24 . The PPAQ was a semi-quantitative questionnaire that asked participants to report the average time spent in 33 activities (31 multiple-choice plus 2 open-ended questions). The women were asked to choose the best approximate amount of time spent in each activity per day or week during the on-going trimester. The provided time durations ranged from 0 to ≥6 hours per day and from 0 to ≥3 hours per week. Self-administration of the PPAQ took approximately 7 to 10 minutes. The total gestational weight gain and neonatal data were collected from the hospital records after all participating women had delivered their babies.
Ethical considerations.
Calculation of total energy expenditure. Each activity was assigned an intensity using the metabolic equivalent (MET) table 25 . The MET is a unit used to estimate the metabolic cost of PA. The value of 1− MET is approximately equal to a person's resting energy expenditure. The self-reported time spent in each activity was then multiplied by the corresponding intensity to obtain the average energy expenditure per week (MET-hours/ week). When the reported time was in hours per day, it was multiplied by 7 to determine the average weekly energy expenditure. Activities were classified into 5 categories by type: household/caregiving (13 activities), occupational (5 activities), transportation (3 activities), sports/exercises (7 activities plus 2 open-ended questions), and inactivity (3 activities). In addition, each activity was classified into 4 categories based on its intensity: sedentary (<1.5 METs), lightintensity (1.5-2.9 METs), moderate intensity (3.0-6.0 METs), and vigorous intensity (>6.0 METs). The women were categorised into two groups based on the ACOG recommendations as active (≥30 min of moderate PA per day) and inactive (<30 min of moderate PA per day). The women were also categorised into four groups: those who stayed active (active at both 22 and 34 weeks), stayed inactive (inactive at both 22 and 34 weeks), became active (inactive at 22 weeks and active at 34 weeks), and became inactive (active at 22 weeks and inactive at 34 weeks). The outcome variables were the total number of hours per week and total number of MET hours per week.
Statistical analysis. All statistical analyses were performed using Minitab version 17 (Minitab Inc., State College, PA, USA). Mean with standard deviation (SD) of time spent in PA (hours/week) and energy expenditure (MET-hours/week) are reported for 22 and 34 weeks of gestation separately. Categorical data are expressed as percentages. All variables were first assessed using numerical and graphical techniques to determine whether they met the distributional assumptions of the statistical tests used to analyse them. The Anderson-Darling test was used to explore whether outcome variables were normally distributed; and it was used with the normal probability plot. Participants' characteristics were compared between active and inactive women using one-way analysis of variance (ANOVA) and the paired t-test. The levels of PA at 22 and 34 weeks were compared using a paired t-test for each type and intensity of PA. Pregnancy outcomes were first assessed based on the categories in the ACOG recommendations using a two-sample t-test and based on the change in the pattern of PA during pregnancy using one-way ANOVA. Neonatal birth weight was first adjusted for the gestational age and thereafter a regression analysis was used to estimate the effect of PA during pregnancy second trimester (active/inactive) www.nature.com/scientificreports www.nature.com/scientificreports/ on adjusted neonatal birth weight. The covariates in the initial model were maternal age, pre-pregnancy BMI, and gestational age, while the factors were PA during pregnancy (1 = active, 2 = inactive), level of education (1 = none/up to primary, 2 = secondary/higher), monthly household income [1 = up to 13,999 Sri Lankan rupee (LKR), 2 = 14,000-31,999 LKR, 3 = ≥32,000 LKR], area of residence (1 = urban, 2 = suburban, 3 = rural), history of LBW (1 = yes, 2 = no), and parity (1 = primiparous, 2 = multiparous). Variables with the highest p value were removed from the initial model one variable at a time until the final model contained only the variables with a p value of <0.1. A p value of <0.05 was considered statistically significant.
Results
In total, 150 patients were recruited into the study. Nine women were excluded from the study because of spontaneous abortions (n = 2), multiple foetuses identified by 20 weeks using ultrasound (n = 2), maternal desire to deliver at another hospital (n = 3), and personal withdrawal (n = 2). Of the remaining 141 patients, data regarding total gestational weight were missing for 22 patients. The researcher failed to find neonatal data for 14 neonates from the hospital delivery registry records because of confusion due to many similar names, and one neonate with a 5-minute Apgar score of <5 was excluded at the end of the study, resulted for 126 neonatal data set.
Participants' characteristics. The overall background characteristics of the participants have been published separately 23 . Final sample consisted of 126 healthy new-borns and among them 22(17.4%) were LBW babies. Among the 141 women, only 139 (98.6%) at 22 weeks of gestation and 62 (44.0%) at 34 weeks of gestation responded to the PPAQ. At 22 weeks of gestation, 110 (79.1%) women were above the ACOG guidelines regarding PA during pregnancy, whereas only 28 (45.2%) women met the guidelines at 34 weeks of gestation. Table 1 shows the level of moderate PA in relation to maternal and neonatal characteristics. No difference in the women's characteristics was found based on the moderate PA level.
Comparison of PA level during pregnancy between the second and third trimesters. The number of hours spent for all modes of activity per week was significantly higher in the second than third trimester (p < 0.001). When the activities were divided into groups according to their intensity, a significant reduction in time spent in PA during the third trimester compared with the second trimester was observed in terms of sedentary activities (p < 0.05), light intensity (p < 0.001), and moderateintensity (p < 0.05). The mean time spent in vigorous-intensity activity was very low in both the second and third trimesters, and the difference did not reach statistical significance. A similar pattern was observed for the total energy expenditure (MET-hours/week) except for sedentary activities. The average energy expenditure corresponding to sedentary activities was significantly higher in the third than second trimester (p < 0.001). Division of the activities by type revealed significant reduction of time (hours/week) spent in household/caregiving activities (p < 0.01), transportation (p < 0.001), and inactivity (p < 0.05) during the third trimester (Table 2) . A similar pattern was observed for the total energy expenditure.
Level of PA in relation to changing pattern of PA. Table 3 compares the PA levels during the second and third trimesters among the groups of women based on their changing patterns of PA during pregnancy. The average time spent per week in PA was significantly lower during the third than second trimester in the "became inactive group" (p < 0.001). A similar pattern was observed for the total energy expenditure during the third trimester in the "became inactive" group of women (p < 0.001). Women in the "stayed active" and "stayed inactive" groups also showed a lower total energy expenditure in the third than second trimester (p < 0.05). Both the time spent per week and average energy expenditure per week in the third trimester were significantly higher in women who "stayed active" throughout the pregnancy than in women who "stayed inactive" and "became inactive" (p < 0.001).
Changing pattern of PA during pregnancy and pregnancy outcomes. No difference was observed in the total gestational weight gain, gestational age, or neonatal birth weight based on either the ACOG recommendations or the changing pattern of PA during pregnancy (p > 0.05) ( Table 4) .
Effects of PA level during pregnancy on neonatal birth weight. Assessment using the regression analysis was limited to the PA level during the second trimester because of the low PPAQ response rate during the third trimester. The regression analysis revealed significant impacts of gestational age on neonatal birth weight (p < 0.05). We found no significant impact of moderate PA during the second trimester on neonatal birth weight (p = 0.718) ( Table 5 ).
Discussion
Of all participants, 98.6% responded at 22 weeks of gestation, but only 44% responded at 34 weeks of gestation, reflecting loss to follow-up. In Sri Lanka, maternal care is free throughout the ante-, intra-and postnatal periods. Antenatal care is provided by maternal and child health clinics, both in the field and in medical institutions. Most of the women in the current study attended both types of clinics. As institutional clinics are usually very crowded, the women sometimes tended to attend only field clinics, which do not perform advanced procedures such as blood evaluations or ultrasound on women with low-risk pregnancies at 34 weeks of gestation. In total, 79.1% and 45.2% of the pregnant women who participated in this study met the ACOG recommendations for PA during pregnancy in the second and third trimesters, respectively. This rate is significantly higher than the rates recorded in China 26 (11.1%), Ireland 27 (21.5%), and the United States 28 (22.9%). However, the average energy expenditure in the second trimester among the women in the current study was lower than that reported in previous studies in Australia 29 and France 30 . Moreover, in the current study, there was a significant reduction in the time spent in PA and the total energy expenditure during the third trimester. In addition to physical discomfort and bodily www.nature.com/scientificreports www.nature.com/scientificreports/ growth, this reduction may be related to the traditional Sri Lankan culture, which defines pregnancy as a vulnerable period that requires rest and protection. Therefore, pregnant Sri Lankan women tend to obey the traditional beliefs of no lifting heavy objects, no fast walking, and no strenuous activities during pregnancy. As a result, vigorous activity during the second trimester was very low in the present study, and no women reported vigorous activities during the third trimester. In addition, nearly half of the total energy expenditure during the third trimester was covered by sedentary activities, highlighting the increase in low activity as pregnancy progresses. A major proportion of time spent in PA and the total energy expenditure among the pregnant women in the current study was covered by household/caregiving activities.
In 2017, Bisson et al. 31 found that pregnant women engaging in high-level sports/ exercise during the first trimester delivered infants of lower birth weight. Similarly, a cohort study performed in Iran reported that sporting activities increased the risk of an LBW infant 32 . We found that most Sri Lankan women did not engage in sport/ exercise, rendering comparisons difficult. This is a common feature of many Asian countries; women of reproductive age carry the most substantial burden of the household and caregiving activities. Although it did not reach statistical significance, most women in the lowest income group (92.9%) were active during the second trimester, indicating an association between household income and energy expenditure in Sri Lanka. The analysis of the www.nature.com/scientificreports www.nature.com/scientificreports/ changing pattern of PA during pregnancy revealed that 41% of women stayed active throughout the pregnancy while 42.6% women became inactive during the third trimester.
Our univariate analyses showed no relationships between PA during pregnancy and gestational weight gain, gestational age, and neonatal birth weight. These findings are in agreement with the results of previous studies 33, 34 , which indicated no significant association between maternal PA and gestational weight gain, gestational age, or neonatal birth weight. In contrast, some studies have shown a protective effect of mild PA against LBW and preterm birth 6 , whereas others have shown an increased risk of intrauterine growth restriction with moderate or vigorous occupational PA 35 . In 2003, Cohen et al. 36 indicated that pregnant women who engaged in purposeful walking routines associated with activities of daily living achieved healthy weekly weight gains. However, in the current study, we did not focus on weekly gestational weight gains or the relationships between various PAs and birth outcomes. Table 2 . Comparison of physical activity levels in second and third trimesters (n = 62). Comparisons were performed using the paired-t-test. *p < 0.05, CI: confidence interval. 36 showed that moderate-intensity sports/exercise was not associated with appropriate gestational weight gain 37 and stressed that sedentary pregnant women should not be encouraged to engage in vigorous activity to achieve the recommended weight gain 37 . However, Cohen et al. focused on prevention of overweight; most enrolled subjects exceeded the recommended gestational weight gains 37 . Therefore, the meaning of "appropriate weight gain" in the cited work may differ from ours; most of the women we enrolled exhibited less weight gain than the recommended total gestational weight gain. The resultsof the current study showed that women who were below the ACOG recommendations of PA during pregnancy delivered neonates with a higher mean birth weight than did women who did not meet the ACOG recommendations, although the difference was not statistically significant. On the contrary, a systematic review 7 suggested that moderate PA during pregnancy was associated with increased birth weight, but high PA was associated with reduced birth weight. However, these associations remained when leisure time PA alone was considered. Moreover, more than one-third of all studies included in the cited review were not adjusted for covariates known or thought to influence both PA and foetal growth 7 . The initial sample size of our current study was chosen to afford a power of 0.8 at an alpha level of 0.05. However, the loss to follow-up experienced at 34 weeks of gestation reduced the statistical power of our tests and rendered it difficult to draw robust conclusions; our data lost at least some significance. One hypothesis states that an inverse relationship exists between PA during pregnancy and utero-placental blood flow, ultimately leading to a reduced foetal oxygen and glucose supply. However, the proportion of women who engaged in vigorous PA in our study was very low, rending it difficult to draw robust conclusions on any association between increased PA and birth weight. In addition, our sample size was likely insufficient to detect the significance of such a relationship. Therefore, the results regarding observed association between PA and Neonatal birth weight may require further inquiry and verification before firm conclusion can be reached. Although no relationship between PA during pregnancy and pregnancy outcomes was observed in this group of women, the associations between postpartum weight retention and other medical/obstetric complications were not assessed. Large-scale studies are warranted to assess the factors influencing PA during pregnancy and the effects of PA during pregnancy on the mother and infant even after childbirth. The findings regarding PA during the second trimester and neonatal birth weight need to be confirmed in further large-scale studies.
The strengths of our study included the use of a reliable questionnaire affording reasonably accurate measures of a variety of PAs performed during pregnancy. This is the first validated questionnaire that can be employed to determine the lower and upper extent of PA, in terms of frequency, duration, and intensity, during pregnancy 24 . The fact that the PPAQ is brief and user-friendly renders it attractive to researchers who wish to examine changes in PA during pregnancy, and also to prenatal healthcare providers who wish to address PA in pregnant women 24, 38, 39 . Despite these strengths, our study had certain limitations. First, although we used a validated and reliable instrument, the reliability of our data may have been affected by recall bias and the cognitive burden associated with instrument self-administration. Many women were lost to follow-up; the PPAQ response rate was very low in the third trimester, rendering the sample size much smaller than expected. Also, we did not evaluate the use of medications during pregnancy, intra-uterine infection status, placental abnormalities, or genetic factors possibly associated with LBW. Another limitation of this study is that administration of the PPAQ once at around 22 and 34 weeks of gestation may not be a reliable measure of PA during the second and third trimesters.
Conclusions
More than half of women achieved the recommended PA level during the second trimester of pregnancy, whereas only 45.2% achieved the recommended PA level during the third trimester. Significant reductions in the time spent in PA and the total energy expenditure were observed as pregnancy progressed. No significant association between PA during pregnancy and neonatal birth weight was found. Table 5 . Regression analysis for adjusted mean birth weight (g), n = 122; R 2 (adjusted) = 63.99%. *p < 0.05.
